Nevertheless, many authors agree that there is generalized Medical Physics and Bioengineering, University Hospital of Wales, decrease in impedance in the ovarian vascular bed during the Heath Park, Cardiff CF4 4XW, UK luteal phase of the menstrual cycle which is thought to be due 3 To whom correspondence should be addressed to neovascularization in the corpus luteum (Steer et al., 1990; Fleiscer, 1991). Indeed, we have previously demonstrated The aim of this prospective study was to investigate the changes in overall ovarian vascularity in both natural and ability of transvaginal power Doppler ultrasonography to stimulated cycles in women with unexplained infertility using assess the relationship between follicular vascularity and colour Doppler imaging (CDI) (Chui et al., 1995). The results outcome in women undergoing in-vitro fertilization. Each of these initial studies suggested an association between ovarian of 38 subjects underwent a single transvaginal power vascularity and outcome, but there was a significant overlap Doppler ultrasound scan on the day of oocyte collection, between conception and non-conception cycles. However, where the vascularity of individual ovarian follicles was anecdotal evidence suggested an increase in follicular vascularassessed, using a subjective system, and graded 1 to 4. In ity on CDI in the pregnant group. Indeed, it has been addition, conventional pulsatility indices (PI) of the uterine demonstrated that there is a significant increase in periand intra-ovarian (stromal) arteries were calculated, which follicular blood flow in the peri-ovulatory follicle, although showed no significant differences between the pregnant this is not related to a decrease in vascular resistance (Campbell and non-pregnant groups. Using power Doppler ultrasono et al., 1993). graphy, a total of 188 follicles was studied. The follicular CDI can be used to assess follicular vascularity (Campbell vascularity grade was found to be independent of follicular et al., 1993) but attempts to quantify the vascularity would be size and there was no significant difference in fertilization limited by the fact that any flow at 90°to the probe would rates with different degrees of vascularity, although there not be displayed. The recent introduction of power Doppler was a trend towards higher fertilization rates with higher imaging overcomes this problem. Power Doppler is a new grade vascularity. There were 10 pregnancies, giving a modality, which unlike conventional CDI, maps the amplitude pregnancy rate of 26.3% per embryo transfer. Pregnancies of the frequency shift to produce a colour image. As a result, were confined to those women whose embryos were derived power Doppler is more sensitive than the conventional CDI from follicles with grade 3 and 4 vascularity (pregnancy and enables flows with lower volumes and velocities to be rates per embryo transfer of 12.5 and 61.5% respectively), displayed. In addition, power Doppler is not affected by with only those from grade 4 follicles resulting in livebirths.
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aliasing, which so often hampers clear images of CDI, and This preliminary study suggested that high grade follicular can display perfused regions where the mean velocity is zero vascularity is associated with increased pregnancy rate and (Ishrak et al., 1994; Meire and Farrant, 1994; Twining, that Transvaginal pulsed Doppler has been used quite extensively scan at 6 weeks and i.m. gestone was continued for the first trimester.
to assess uterine and ovarian blood flow patterns in both Statistical analysis natural and stimulated cycles (Long et al., 1989; Scholtes This was performed using a χ 2 test for the comparison of pregnancy et al Kupesic and Kurjak, 1993 little agreement as to whether the flow velocity waveforms being regarded as significant.
obtained from uterine or particularly ovarian circulation can be used to predict the outcome of IVF programmes.
Results
In the uterine circulation, several authors have shown a significant difference in the mean value of uterine artery PI A total of 188 follicles was studied in 38 patients. There was no significant difference in age, number of follicles Ͼ16 mm, between those women who conceived and those who did not, on the day of follicular aspiration or on the day of HCG IVF patients, even though the patients were examined on six separate occasions throughout the menstrual cycle. In the following IVF treatment. On the day of embryo transfer, Steer present study, we were unable to show any significant difference et al. (1992) were able to show a significantly lower uterine in uterine artery PI in those women who conceived compared artery PI in women who became pregnant. Similarly, Sterzik with those who did not when measured on the day of oocyte et al. (1989) and Strohmer et al. (1991) were able to show collection. In addition, the mean value of PI in the pregnant significantly lower PI values in women who conceived, either Pregnancy rate for F4 significantly higher than for F1, F2 or F3 (P Ͻ0.01).
and Kurjak (1993) once again demonstrated a significant The conflicting results might be explained by the fact that Miscarriage 1 -(Biochemical, not included in the analysis) (4) (-) some of the studies examined intra-ovarian blood flow (Kupesic and Kurjak, 1993; Tekay et al., 1995) , whereas others assessed ovarian artery blood flow (Sterzik et al., 1989; Scholtes et al., 1990) . Locating the ovarian artery is very difficult, and tubal group was Ͼ3.0 which was suggested by Steer et al. (1992) artery signals might erroneously be detected during transvaginal as the maximum value for a successful outcome.
scanning (Aleem et al. 1994) . In addition, in the IVF studies, The present study also failed to demonstrate any significant different treatment protocols, with varying effects on blood difference in the intra-ovarian PI between those women who flow, were adopted in different studies (Barber et al., 1988 ; conceived and those who did not. This is in accordance with Weiner et al., 1993; Tekay et al., 1995) . the study of Tekay et al. (1995) but disparate with other From the above discussion, it is clear that whilst uterine workers (Barber et al. 1988; Weiner et al., 1993) . This finding and ovarian blood flow does change during the menstrual is not totally unexpected since although there is a decrease in cycle, current pulsed Doppler methods fail to predict reliably impedance in the ovarian vascular bed during the luteal phase the outcome of pregnancy in fertility programmes. Another of the menstrual cycle, the results of various studies are approach is to use colour Doppler ultrasound to assess changes contradictory. Scholtes et al. (1990) were able to show a lower in ovarian and follicular vascularity. Studies of ovarian morpho-PI in the ovarian artery supplying the ovary bearing the logy in animal models have shown increased follicular vascudominant follicle during natural cycle and Kurjak et al. (1991) larization during the course of the menstrual cycle (Zeleznik demonstrated a significant decrease in the resistance index et al., 1981; Kranzfelder and Maurer-Schultze, 1989 ; Tanaka obtained from an intra-ovarian artery after ovulation compared et al., 1989) and recent transvaginal colour Doppler studies to the pre-ovulatory values in a group of 100 infertile women during natural and stimulated cycles. In a later study, Kupesic have demonstrated changes in blood flow of maturing follicles (Campbell et al., 1993; Balakier and Stronell, 1994) . To date, cumulus complex. Whatever the mechanism underlying this these studies have concentrated on using colour Doppler to apparent link between follicular vascularity and outcome, the locate follicular vessels whilst pulsed Doppler has been used implication in IVF programmes is far-reaching, since pregto assess the velocity profiles. The results have shown a general nancy rates may well be increased by selecting for transfer increase in intra-follicular blood flow over the peri-ovulatory those embryos derived from follicles with the highest grade period (Campbell et al., 1993) and increasing peak systolic of vascularization. Equally it may be appropriate to counsel velocity with increasing follicular size (Balakier and Stronell, patients as to the advisability of proceeding with oocyte 1994). Indeed, Balakier and Stronell (1994) were able to collection in cycles where the follicular vascularity is univershow a significant elevation of peak velocity following HCG sally poor. injection.
In conclusion, the present study has shown that follicular CDI can also be used to assess the degree and distribution vascularity may represent a new parameter in the assessment of vascularity, and has been found to be useful in describing of folliculogenesis and a possible predictor of the outcome of pathological circulation in malignant tumours (Kurjak and assisted conception therapy. The mechanism controlling the Predanic, 1992; Ajayi et al., 1992; Timor-Tritch et al., 1993;  varying degrees of blood flow is unknown, as is the link Holcombe et al., 1995) . Subjective assessment of ovarian between vascularity and outcome. Further work is necessary vascularity has previously been attempted by Zaidi et al. to confirm and elucidate these findings. (1995) who found increased intensity of demonstrable blood flow in the ovarian stroma of women with polycystic ovaries. In the present study, we have been able to develop a subjective
